Fifty-eight fusaria isolated from 50 Italian patients between 2004 and 2007 were subject to multilocus DNA sequence typing to characterize the spectrum of species and circulating sequence types (STs) associated with dermatological infections, especially onychomycoses and paronychia, and other fusarioses in northern and central Italy. Sequence typing revealed that the isolates were nearly evenly divided among the Fusarium solani species complex (FSSC; n ‫؍‬ 18), the F. oxysporum species complex (FOSC; n ‫؍‬ 20), and the Gibberella (Fusarium) fujikuroi species complex (GFSC; n ‫؍‬ 20). The three-locus typing scheme used for members of the FSSC identified 18 novel STs distributed among six phylogenetically distinct species, yielding an index of discrimination of 1.0. Phylogenetic analysis of the FOSC two-locus data set identified nine STs, including four which were novel, and nine isolates of ST 33, the previously described widespread clonal lineage. With the inclusion of eight epidemiologically unrelated ST 33 isolates, the FOSC typing scheme scored a discrimination index of 0.787. The two-locus GFSC typing scheme, which was primarily designed to identify species, received the lowest discrimination index, with a score of 0.492. The GFSC scheme, however, was used to successfully identify 17 isolates as F. verticillioides, 2 as F. sacchari, and 1 as F. guttiforme. This is the first report that F. guttiforme causes a human mycotic infection, which was supported by detailed morphological analysis. In addition, the results of a pathogenicity experiment revealed that the human isolate of F. guttiforme was able to induce fusariosis of pineapple, heretofore its only known host.
Fusarium is a large genus of hyaline filamentous molds best known as the most important group of mycotoxigenic plant pathogens (15, 21, 24) . Fusaria have also emerged over the past 3 decades as opportunistic pathogens of immunocompetent and immunocompromised hosts (27) . Infections in healthy individuals typically remain localized and include keratitis, especially in association with ocular trauma; onychomycosis of the toenails or fingernails; allergic sinusitis; paronychia; and dermatomycoses (11, 13, 18, 28, 34) . By way of contrast, fusarioses in artificially immunosuppressed or immunocompromised patients can become life-threatening systemic infections if they become disseminated within the bloodstream, especially if the individual is persistently and severely neutropenic (50) . Deeply invasive fusarial infections pose a significant challenge to infectious disease specialists because, with the exception of limited success with liposomal amphotericin B, most species show high levels of resistance to all antifungals currently available (1, 4, 5, 36, 39) .
Several species-level molecular phylogenetic analyses of medically important fusaria over the past decade have revealed that the most commonly reported species (i.e., Fusarium solani, F. moniliforme, F. oxysporum, F. incarnatum, F. chlamydosporum, and F. dimerum) actually represent species complexes that collectively contain approximately 70 medically relevant species (31, 32, 35, 36, 37, 52) . Typing schemes have been developed for these six species complexes and have focused on the identification of species limits on the basis of multilocus genealogical concordance (46) , in contrast to schemes for the high-resolution typing of the strains within a species (6, 29) . The fusarial studies have revealed that the majority of clinically important fusaria cannot be identified by the use of morphology alone (36, 37) , and therefore, accurate reporting of the etiological agent typically requires a DNA sequence-based identification (7) . These studies have also revealed the necessity of developing species and sequence type (ST) nomenclatures within the F. solani species complex (FSSC), the F. oxysporum species complex (FOSC), the F. incarnatum/F. equiseti species complex (FIESC), and the F. chlamydosporum species complex (FCSC), in which close to two-thirds of the species (i.e., ϳ40) lack Latin binomials. Fortunately, all of the clinically relevant species within the Gibberella (Fusarium) fujikuroi species complex (GFSC; until recently, generally reported as F. moniliforme) and most of those within the F. dimerum species complex (FDSC) have been formally described (31, 42) . Sequence-based typing has revealed that members of the FSSC, FOSC, and GFSC are collectively the cause of approximately 80% of all fusarial infections of humans and other animals, with members of the other three complexes accounting for most of the remainder.
Due in part to the increased awareness of clinicians, coupled with their possible insurgence, onychomycoses and acute and chronic cutaneous infections caused by Fusarium spp. are increasingly being reported in immunocompetent patients (10, 16, 18, 22, 40, 43) . Paronychial and other dermatomycotic fusarial infections, including dermatitis, represent a challenge for the clinician, since an incorrect diagnosis may lead to topical steroidal therapy and local and/or systemic antibiotic therapy, which can delay recovery and increase morbidity (23) . Moreover, onychomycotic infections require careful monitoring within the neutropenic patient population because they can progress into life-threatening disseminated infections (50) .
The present molecular phylogenetic study was conducted to (i) identify the etiological agents of 46 dermatological fusaria and 12 other fusarial pathogens associated with diverse mycotic infections occurring in the Lombardy and Piedmont regions in northern Italy and in the Marche region in central Italy during the period from 2004 through 2007; (ii) assess the prediction, on the basis of the available typing data, that most of the clinically relevant fusaria are nested within the FSSC, FOSC, or GFSC; (iii) determine the index of discrimination of the DNA typing schemes employed (19) ; and (iv) assess whether the novel human pathogen Fusarium guttiforme, which was recovered from a human paronychial infection, is pathogenic for its only known host, Ananas comosus (L.) Merr. (pineapple).
MATERIALS AND METHODS
Fungal strains. The 58 human pathogenic fusaria analyzed in the present study were obtained from four different hospitals in Milan (designated hospitals M-1, M-2, M-3, and M-4) and from one hospital each in Varese, Novara, Torino, and Ancona (Table 1) . Close to three-quarters of the isolates (n ϭ 46) were obtained from the Dermatology Unit of Sesto San Giovanni Hospital in Milan (designated hospital M-1 in Table 1 Genotypic and phenotypic identification. The 58 Italian isolates received as Fusarium spp. were initially identified to the species complex or species level by using a partial translation elongation factor (EF-1␣) gene sequence as a BLAST query against the Fusarium database (http://isolate.fusariumdb.org/), as described previously (14) . To obtain total genomic DNA, mycelium was grown in yeast-malt broth, freeze-dried, and then extracted with hexadecyltrimethylammonium bromide (CTAB; Sigma, St. Louis, MO) by a published protocol (31) . The conditions used for PCR amplification of the partial EF-1␣ gene, the internal transcribed spacer (ITS) region plus domains D1 and D2 of the nuclear large-subunit (LSU) rDNA, and a 1.8-kb portion of the second-largest subunit of RNA polymerase (RPB2) are described by O'Donnell and colleagues (31, 33, 36) ; and amplification of the nuclear ribosomal intergenic spacer (IGS) rDNA has been described by O'Donnell et al. (32) . The three-locus FSSC, two-locus FOSC, and two-locus GFSC data sets were analyzed by maximum parsimony (MP) with the PAUP* (version 4.0b10) program (44) . The shortest MP trees were identified by using searches that employed 1,000 random sequence addition replicates and reconnection (tree bisection-reconnection [TBR]) branch swapping. Clade support was assessed by nonparametric MP bootstrapping by employing 10 random addition sequences per replicate, 1,000 pseudoreplicates of the data, and TBR branch swapping. Previously published sequences of Fusarium virguliforme and F. tucumaniae, which were used to root the FSSC phylogeny, and those of F. foetens, which were used to root the FOSC phylogram, are available from GenBank (http://www.ncbi.nlm.nih.gov/). The phenotypic methods used followed those reported by Aoki et al. (3) for the morphological characterization of the single isolate of Fusarium guttiforme NRRL 53131 cultured from a human paronychial infection. Isolate NRRL 53131 was grown on potato dextrose agar (PDA; Difco, Detroit, MI) and synthetic low-nutrient agar (SNA) (25) in 9-cm plastic petri dishes. The cultures were incubated at 20°C in complete darkness, under continuous fluorescent light (FL40S-W; Mitsubishi), or under daylight, prior to examination of the cultural and morphological characteristics. Cultures were grown on PDA to obtain data on colony color and odor. The color scheme of Kornerup and Wanscher (20) was used for the phenotypic analysis. Fifty randomly selected conidia were measured to obtain the average and standard deviation (SD) of their size.
Pathogenicity test with detached pineapple leaves. Pathogenicity of the novel human pathogenic Fusarium guttiforme isolate NRRL 53131 for pineapple, its only known host, was tested by using a detached-leaf assay. Ex-holotype isolate F. guttiforme NRRL 25295 was included as a positive control, and F. culmorum isolate ISPaVe-MCf 21 (INRA 117 [9] ) and a water blank were employed as separate negative controls. Leaf segments (1 by 1 cm) were excised from the basal portion of a pineapple plant and were then inoculated by pipetting 10 l of a spore suspension (1 ϫ 10 6 ml
Ϫ1
) of one of the fungal strains or 10 l of sterile distilled water as a negative control onto an artificial lesion on each detached leaf induced with a sterile scalpel. Inoculated leaf segments were incubated in 9-cm plastic petri plates at 25°C under white light (12-h photoperiod) for 14 days. Isolates were considered pathogenic if they conidiated on the wounded leaf surface and within the leaf tissues.
Nucleotide sequence accession numbers. The DNA sequences obtained in the present study have been deposited in GenBank under accession numbers GU170539 to GU170656.
RESULTS AND DISCUSSION
Multilocus DNA sequence-based genotyping. The primary objective of the present molecular phylogenetic study was to characterize the circulating species and STs associated with dermatological fusarioses (n ϭ 46) and those isolated from 12 other localized or systemic fusarial infections from 50 patients in northern and central Italy between 2004 and 2007. All of the dermatological isolates were obtained from Sesto San Giovanni Hospital in Milan, and all isolates except for those recovered sequentially from five patients appeared to be unrelated epidemiologically (Table 1 ). Similar to the findings of López et al. (22) , the 26 female patients diagnosed with dermatological infections in the present study ranged in age from 31 to 75 years (mean, 52.9 years) and comprised the source of close to three-quarters of the isolates (n ϭ 34); the 12 male patients ranged in age from 21 to 80 years (mean, 44.8 years) (Table 1) . Interestingly, women accounted for all seven dermatology patients from whom fusaria were sequentially isolated ( Table 1 ). The potential risk factors identified by López et al. (22) to explain the gender bias included higher frequencies of manicure, pedicure, and barefooted walking by women. The results of the partial EF-1␣ gene BLAST queries of the Fusarium database (14) revealed that the 58 isolates were nearly evenly divided among the three species complexes predicted to be the most prevalent: 18 FSSC isolates, 20 FOSC VOL. 48, 2010 MOLECULAR TYPING OF HUMAN PATHOGENIC FUSARIA a A two-locus typing scheme was used to identify 20 isolates within the Gibberella (Fusarium) fujikuroi species complex (i.e., F. guttiforme, F. sacchari, and F. verticillioides); the STs of 20 FOSC isolates were identified by using a two-locus typing scheme (32); a three-locus typing scheme (36) was used to characterize 18 members of FSSC. Arabic numerals are used to designate FSSC species, and lowercase roman letters are used to identify unique haplotypes within each species.
b VB no., Virgilio Balmas' patient code. Molecular typing of two isolates obtained successively from three separate patients (highlighted in boldface) revealed mixed fusarial infections: Fusarium verticillioides NRRL 44895 (SB dx) and FSSC 3 ϩ 4-lll NRRL 44906 (SB sx), F. verticillioides NRRL 44898 (RL 2) and FOSC ST 289 NRRL 44902 (RL 1), and FSSC 2-z NRRL 46437 (GL) and FSSC 2-aa NRRL 46438 (GL 1). By way of contrast, sequential isolates obtained from the four patients highlighted in italics (patient codes ML, MTP, MV, and NC) appeared to be clonally propagated, in that isolates from each individual were genetically identical. isolates, and 20 GFSC isolates. The distribution of unique haplotypes was 18 FSSC isolates, 9 FOSC isolates, and 5 GFSC isolates. Once the isolates were identified to the species complex level, they were subjected to one of the following three complex-specific typing schemes. Members of the FSSC were subjected to a three-locus typing scheme that used partial sequences of the EF-1␣ gene (756-bp alignment), the RPB2 gene (1,831-bp alignment), and the ITS rDNA region plus domains D1 and D2 of the LSU rDNA (1,095-bp alignment) to identify the species and STs, as described previously (36) . The 20 FOSC isolates were subjected to a two-locus typing scheme that used the partial EF-1␣ gene (688 bp) and most of the IGS rDNA region (2,325 bp) to identify STs, as described by O'Donnell et al. (32) . Lastly, the 20 isolates within the GFSC were identified to the species level by conducting phylogenetic analyses of partial EF-1␣ gene (683 bp) and RPB2 gene (1,635 bp) sequences after they were added to comprehensive data sets for members of this complex (31, 34; K. O'Donnell, unpublished data). On the basis of the results of more inclusive analyses (30, 36) , the sequences of two FSSC clade 2 species (Fusarium virguliforme and F. tucumaniae) were used to root the phylogram (Fig. 1) . All of the clinically relevant isolates were nested within FSSC clade 3, as reported previously (36, 52) . Maximum-parsimony analysis of the three-locus FSSC data set resolved 18 novel STs distributed among six human pathogenic species (FSSC 1, 2, 3 ϩ 4, 5, 6, and 35), yielding an index of discrimination of 1.0 (19) . Interestingly, typing of FSSC isolates from soil in Sardinia by the same three-locus scheme revealed similarly high levels of novel FSSC genetic diversity, as all nine STs within FSSC 5 and both STs within FSSC 9 in the aforementioned molecular ecology study were novel (8) . Sixteen of the 18 FSSC isolates were recovered from dermatological infections from 15 patients treated at Sesto San Giovanni Hospital in Milan and consisted of isolates that caused onychomycoses (n ϭ 13) and dermatomycoses (n ϭ 3). Although the only two FSSC isolates from disseminated infections were represented by closely related but epidemiologically unrelated STs within the same species, NRRL 53120 (FSSC 3 ϩ 4-ooo) in Ancona and NRRL 53128 (FSSC 3 ϩ 4-ppp) in Torino, the ability to disseminate hematogenously is widespread among the FSSC clade 3 species (36, 52 ). An interesting case is represented by the identification of two closely related haplotypes, NRRL 46443 (FSSC 2-bb), isolated in December 2004, and NRRL 44890 (FSSC 2-y), isolated in December 2005, which were obtained from separate dermatomycotic infections of the feet of two brothers living in the same house.
Sequences of Fusarium foetens, the sister group of the FOSC (41), were used to root the FOSC phylogeny of this complex (Fig. 2) . The typing scheme consisted of partial sequences of the EF-1␣ gene (688-bp alignment) and nearly complete sequences of the IGS rDNA (2,325-bp alignment). Analysis of the two-locus FOSC data set identified nine STs among 19 isolates recovered from 16 patients examined at Sesto San Giovanni Hospital in Milan. Two isolates of ST 33 (formerly FOSC 3-a [34] ) and three isolates of ST 93 were successively isolated from separate patients with onychomycosis in 2007. The other isolates appear to be epidemiologically unrelated, in that they were isolated from different patients examined at different times and included seven additional isolates of the widespread clonal lineage ST 33, the most prevalent pathogen sampled within the FOSC. Members of this clonal lineage were responsible for over 70% of the cases of fusariosis analyzed in a previous study, including those associated with a pseudoepidemic at a hospital in San Antonio, TX (35) . Although ST 33 has been found only a few times in Europe (35), probably due FIG. 1. One of six most-parsimonious trees inferred from MP analysis of the combined three-locus data set for 18 NRRL isolates within the FSSC. Sequences of two FSSC clade 2 species, F. virguliforme and F. tucumaniae, were used to root the phylogram. The in-group species and their multilocus STs are identified by Arabic numbers and lowercase roman letters, respectively. All in-group isolates except for NRRL 53120 and NRRL 53128 were from Sesto San Giovanni Hospital in Milan; NRRL 53120 was from Ancona (A), and NRRL 53128 was from Torino (T). Gray shading is used to identify two isolates (46437 and 46438) representing different STs recovered from the toe of a patient with onychomycosis in April and May 2007. The numbers above the nodes represent MP bootstrap support of Ն70% from 1,000 pseudoreplicates of the data. PIC, parsimony informative characters; CI, consistency index; RI, retention index.
VOL. 48, 2010 MOLECULAR TYPING OF HUMAN PATHOGENIC FUSARIAto limited sampling, results of the present study indicate that it might be relatively common, especially in the vicinity of Milan, in comparison to the prevalence of other two-locus STs within this complex. NRRL 44893 (ST 33) was the sole FOSC isolate responsible for a paronychial infection. One environmental reservoir of ST 33 appears to be water systems, given that it has been recovered from hospital sinks and drains (2, 35) and coupled with the fact that it was the second most common ST recovered from corneal infections and contact lenses and lens cases during the 2005 and 2006 contact lens-associated keratitis outbreak within the United States (11, 34) . NRRL 53121 (ST 52), which represented the only nondermatological FOSC isolate, was recovered from the soft tissue of a Kaposi's sarcoma patient at a second hospital in Milan (designated hospital M-2; Table 1 ). The latter ST appears to be geographically widespread (32) , having been isolated from a human foot in Louisiana (NRRL 26370 ϭ FRC O-1732) and machinery oil in New Zealand (NRRL 38540 ϭ ICMP 10432). The clone-corrected index of discrimination for the FOSC two-locus typing scheme was 0.787 (19) . The GFSC phylogeny was rooted with sequences of Fusarium sacchari on the basis of the results of more inclusive analyses (31) (Fig. 3) . Molecular typing of the GFSC employed partial sequences of the EF-1␣ gene (683-bp alignment) and a portion of the RBP2 gene (1,635-bp alignment). In contrast to the multilocus sequence typing (MLST) schemes for FSSC and FOSC, the GFSC two-locus typing scheme was designed to identify species rather than STs within a species. F. verticillioides was the predominant human pathogenic species sampled in the current study (n ϭ 17), consistent with the findings described in a previous report from northern Italy (48) . Of the three two-locus haplotypes resolved, one was restricted to a hospital in Novara and another one was restricted to one in Ancona, whereas the predominant ST (n ϭ 12) was geographically widespread, with such isolates being detected in Milan, Ancona, and Varese. Other members of the GFSC included two isolates of F. sacchari from the same patient and one isolate of a novel human pathogen, F. guttiforme. The 11 dermatological isolates were recovered from nine patients seen at the Sesto San Giovanni Hospital in Milan. These included five onychomycotic infections, all of which were caused by F. verticillioides, and four paronychial infections, two of which were caused by F. verticillioides and the other two of which were caused by F. sacchari and F. guttiforme. The remaining nine isolates of F. verticillioides were obtained from nine patients with diverse illnesses (i.e., keratitis, leukemia, pneumonia, sepsis, and sinusitis; Table 1 ) from five different northern Italian hospitals (Table 1 , hospitals M-3 and M-4 in Milan and hospitals in Novara, Ancona, and Varese). Given the study's focus on identifying GFSC species, it is not surprising that the clonecorrected F. verticillioides typing scheme preformed the most poorly of the three employed, having a discrimination index of 0.492 (19) .
Molecular typing also allowed us to assess whether different species or different STs within a species were responsible for mixed fusarial infections within a patient. Genetically distinct FSSC STs (NRRL 46437 ϭ FSSC 2-z and NRRL 46438 ϭ Case report and morphological characterization of the novel human pathogen Fusarium guttiforme. A 65-year-old native Italian female in good health presented with a 12-month history of very painful paronychia of the 4th finger of the right hand, from which the novel human pathogen Fusarium guttiforme was subsequently isolated and identified morphologically and molecularly. Slight proximal nail fold retraction was discernible, but there was no discoloration of the nail plate. No spontaneous discharge of pus was observed, even when pressure was exerted on the nail fold. However, the medial part of the nail plate was thin and deteriorated. Despite prior treatment with systemic antibiotics (amoxicillin-clavulanic acid, 2 g per day for 10 days) and topical gentamicin, the symptoms deteriorated. Scrapings from beneath the proximal nail fold examined microscopically revealed the presence of hyphae. Tissue scrapings from beneath the nail fold cultured on Sabouraud's agar amended with chloramphenicol and gentamicin (100 g ml Ϫ1 ), with and without cycloheximide (100 g ml Ϫ1 ), for 3 weeks at 25°C in complete darkness yielded a mixed culture of Fusarium and Candida parapsilosis. Identical results were obtained from a second mycological examination conducted 3 weeks later. After treatment with systemic terbinafine (250 mg per day for 2 months), a follow-up visit with the patient revealed that the infection had completely resolved. However, 6 months later there was a relapse of the paronychia, but this time there was a slight swelling of the nail fold, while the features of the nail plate were normal. The patient acknowledged moderate inconvenience. Microbiological assessment yielded a pure culture of C. parapsilosis. Treatment with itraconazole for 7 days gave a complete cure. In summary, the lack of pigmentation of the nail plate, which is characteristic of Candida paronychia, and the prompt recovery with oral terbinafine therapy, which is known to be very active against Fusarium but not Candida, strongly indicate that F. guttiforme played an active pathogenic role in this infection.
Morphological observations of monosporic cultures of Fusarium guttiforme NRRL 53131 (Fig. 4A to E) yielded fastgrowing colonies on PDA at 20°C which lacked a perceptible odor. The aerial mycelium was white with a grayish violet tinge, and the colony surface was floccose. Sporulation in the aerial mycelium on SNA consisted of conidia formed in false heads (i.e., clumped together on a conidiophore loosely resembling a vesicle in Aspergillus; Fig. 4A ). Aerial conidiophores were erect or prostrate (i.e., along the agar surface) and were branched or unbranched. Conidiophores terminated in mono-and polyphialides (Fig. 4B ) which proliferated sympodially. Aerial conidia (Fig. 4C) were oblong, short clavate, obovoid, fusoid to ellipsoid, straight or slightly curved, 0(Ϫ1)-septate, 0-septate: 5 to 17.5 by 2 to 4 m in total range and 8.3 Ϯ 2.5 by 2.8 Ϯ 0.32 m (average Ϯ SD). Although true sporodochia were not formed on SNA, multiseptate conidia were formed on phialides produced laterally on the substrate mycelium ( Fig. 4D and E) . Three (Ϫ5)-septate conidia were straight or slightly falcate with a slightly hooked apical cell and a foot-like basal cell, 3-septate: 30.5 to 56.5 by 3 to 5 m in total range and 42.1 Ϯ 5.4 by 4.1 Ϯ 0.49 m (average Ϯ SD). Chlamydospores were not observed. In the original description of F. guttiforme (26) , multiseptate conidia were not observed. However, in isolate NRRL 53131, multiseptate (mostly 3-septate), falcate conidia with a foot-like cell were formed abundantly from phialides as lateral branches of the vegetative hyphae. Except for this character, the morphological characteristics of isolate NRRL 53131 matched those given in the original species description (26) . It is worth mentioning that Leslie and Summerell (21) provided photographs of multiseptate conidia of this species which were very similar to those produced by F. guttiforme NRRL 53131. Because the only known host of Fusarium guttiforme is pineapple (Ananas comosus), we were interested in determining whether the patient had come into contact with fresh pineapple fruit which harbored this pathogen, as well as further characterizing this isolate to see if it was pathogenic for pineapple. A follow-up interview with the patient revealed that she frequently consumed fresh pineapple after peeling it by hand. Results of the pathogenicity experiment revealed that human pathogenic isolate F. guttiforme NRRL 53131 was able to induce tissue necrosis and sporulate profusely after 14 days of incubation at 25°C when it was inoculated on artificially wounded pineapple leaves. The same symptoms were induced by the ex-holotype-positive control strain of F. guttiforme (NRRL 25295). By way of contrast, separate negative controls consisting of the wheat pathogen F. culmorum and a distilled water blank induced only browning of the wounded surface. The latter symptom is a common reaction of detached plant tissues exposed to air and is unrelated to pathogenicity. The importation of F. guttiforme-containing pineapple into nonindigenous areas where this crop is produced could have destructive results, given that pineapple fusariosis has become a major constraint to the production of this crop in certain regions of South America.
Conclusions. On the basis of our current knowledge of the phylogenetic diversity of human pathogenic fusaria, results of the present study fit the prediction that members of the FSSC, FOSC, and GFSC would predominate. In contrast to MLST schemes developed for human pathogenic species such as Aspergillus fumigatus (6) and Candida albicans (29) , the threelocus FSSC typing scheme was developed primarily to identify species within FSSC clade 3, within which 21 of 35 species appear to be clinically relevant (36) . Nevertheless, all 18 FSSC isolates typed in the present study were identified to be novel STs, indicating that the three-locus typing scheme is reasonably robust and that the spectrum of medically important FSSC in northern and central Italy is phylogenetically diverse. The present study adds to our growing knowledge of human pathogenic FOSC in the discovery of four novel singleton STs and the predominance of ST 33 (FOSC 3-a), the previously characterized widespread clonal lineage (35) , in Milan. Isolates of ST 33 have also been recovered from clinical cases in Germany, Belgium, and Canada (32) , in addition to the water systems of geographically distant hospitals in Seattle, WA, Houston, TX, and Baltimore, MD, in the United States; a soft-drink production plant in New York state (NRRL 38360 ϭ FRC O-2347 [32] ); a greenhouse irrigation system in Finland; and confirmed keratitis outbreak infections in California, Pennsylvania, and Vermont (11). Although 30 genetically diverse STs within FOSC have been implicated in infections of humans and other animals (32), the available data suggest that ST 33 is the most important clinically relevant FOSC haplotype. The species and ST/haplotype nomenclature developed in prior studies provide the most efficient and accurate means of reporting on the genetic diversity of these fusaria within the medical, phytopathological, and mycotoxological research communities. The species/ST nomenclature is especially critical, considering that Latin binomials can be applied to only 3 of the 21 clinically important FSSC species and because species limits are unresolved within the genetically diverse FOSC (32) . It is fortunate that the recent availability of the whole genome sequences of F. verticillioides, F. oxysporum, and F. graminearum online from the Broad Institute of the Massachusetts Institute of Technology and Harvard University (12; http://www.broad.mit.edu/annotation/fungi/fgi/) and the accessibility of the F. solani f. sp. pisi (FSSC 11 [36] ) genome online from the Joint Genome Institute (http://www.jgi.doe .gov) should greatly facilitate the identification of additional phylogenetically informative loci and population-level markers (47, 51) , should the necessity arise. In addition, 10 diverse members of the FOSC, including ST 33, are currently being sequenced at the Broad Institute (H. C. Kistler and L.-J. Ma, personal communication). Profiling of phylogenetically informative orthologs (49) from the FOSC core genomes should provide a robust phylogenetic framework for understanding the evolution of human pathogenicity and virulence within this complex (38) and help elucidate whether the reproductive mode is strictly clonal (45) . In the absence of morphological apomorphies, the MLST typing schemes for FSSC, FOSC, and other medically important species complexes within Fusarium provide the only means for the accurate assessment of their genetic diversity, thereby facilitating comparative studies at the local, regional, and global scales. The mention of trade products or firm names does not imply that they are recommended by the U.S. Department of Agriculture over similar products or other firms not mentioned.
